INTRODUCTION {#s1}
============

Overexpression of human epidermal growth factor receptor 2 (HER2) occurs in 15% to 20% of breast cancers.^[@B1]-[@B3]^ Addition of the HER2-targeted monoclonal antibody, trastuzumab, to chemotherapy significantly improves survival relative to chemotherapy alone in patients with previously untreated HER2-positive metastatic breast cancer (MBC).^[@B4]^ Pertuzumab is an HER2-targeted monoclonal antibody that inhibits ligand-dependent signaling by preventing HER2/HER3 dimerization and activates antibody-dependent cell-mediated cytotoxicity.^[@B5],[@B6]^ Addition of pertuzumab to trastuzumab plus docetaxel further improves survival^[@B7]^ and is the current standard of care for patients with previously untreated HER2-positive MBC.^[@B8],[@B9]^

Antibody−drug conjugates aim to minimize toxicity by selectively delivering the cytotoxic agent to tumor cells, thereby minimizing systemic exposure.^[@B10]^ Trastuzumab emtansine (T-DM1) is an antibody−drug conjugate that combines trastuzumab with DM1, a cytotoxic agent that induces cell death by inhibiting microtubule polymerization. As with trastuzumab, T-DM1 inhibits HER2 signaling, activates antibody-dependent cellular cytotoxicity, and inhibits HER2 shedding.^[@B11],[@B12]^ T-DM1 has demonstrated superior efficacy and improved tolerability compared with the previous standard of care in two phase III trials in patients with previously treated HER2-positive, advanced breast cancer.^[@B13],[@B14]^ This led to approval of T-DM1 for treatment of patients with HER2-positive MBC who previously received trastuzumab and a taxane, separately or in combination.^[@B8],[@B9]^

The MARIANNE study was designed to assess the efficacy and safety of T-DM1 and T-DM1 plus pertuzumab compared with trastuzumab plus taxane in patients with HER2-positive, advanced breast cancer and no prior therapy for advanced disease. When the study was designed in 2009, taxane in combination with trastuzumab was the most commonly used regimen for these patients. T-DM1 had demonstrated encouraging efficacy and safety in phase II studies of previously treated MBC^[@B15],[@B16]^ and previously untreated advanced breast cancer.^[@B17]^ Combination of T-DM1 and pertuzumab had shown synergistic cytotoxic activity in cell culture and enhanced antitumor activity in xenograft models,^[@B18]^ as well as an acceptable safety profile, with evidence of activity in a phase Ib and II study.^[@B19]^

METHODS {#s2}
=======

Study Design {#s3}
------------

MARIANNE is an international, three-arm, randomized, phase III study. The study was conducted in accordance with the International Conference on Harmonization Good Clinical Practice standards and the Declaration of Helsinki. The study was approved by the relevant institutional review boards or independent ethics committees at each site. Patients provided written informed consent.

Patients were randomly assigned 1:1:1 to trastuzumab plus taxane (control), T-DM1 plus placebo, hereafter T-DM1, or T-DM1 plus pertuzumab by using a hierarchical, dynamic random assignment procedure conducted through an interactive voice-response system. Stratification factors were world region, prior neoadjuvant or adjuvant therapy (if yes, then by prior trastuzumab and/or lapatinib therapy), and visceral disease (presence or absence). The study was open label with respect to assignment to control arm versus T-DM1--containing arms, which were blinded with respect to pertuzumab versus placebo.

The primary end point---progression-free survival (PFS)---was assessed by independent review. PFS was defined as the time from random assignment to disease progression or death from any cause. Progression was assessed by using Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.^[@B20]^ Secondary end points included overall survival (OS), objective response rate (ORR), duration of response, health-related quality of life (HRQOL) as assessed by using the Trial Outcome Index-Physical/Functional/Breast (TOI-PFB) of the Functional Assessment of Cancer Therapy-Breast (FACT-B),^[@B21]^ and safety. OS was defined as the time from random assignment to death from any cause. Independent data monitoring and cardiac review committees monitored safety.

Study Oversight {#s4}
---------------

The study was designed by the trial steering committee and representatives of the sponsors, F. Hoffmann--La Roche and Genentech. Data were collected by the sponsor and analyzed in collaboration with the authors, who are responsible for the completeness and accuracy of the data and analyses and for the fidelity of the study to the protocol.

Patients {#s5}
--------

Eligible patients had HER2-positive (immunohistochemistry 3+ and/or in situ hybridization positive, prospectively and centrally confirmed at Targos Molecular Pathology GmbH \[Kassel, Germany\]) advanced breast cancer---that is, unresectable, progressive or recurrent locally advanced, or previously untreated MBC. Patients were age ≥ 18 years and had an Eastern Cooperative Oncology Group performance status of 0 or 1 and measurable and/or nonmeasurable disease that was evaluable on the basis of RECIST 1.1.^[@B20]^ Patients were not eligible if they had received prior chemotherapy in the advanced setting; however, prior hormonal treatment of advanced breast cancer was allowed. Additional exclusion criteria included prior neoadjuvant and/or adjuvant vinca alkaloid or taxane chemotherapy less than 6 months before advanced breast cancer diagnosis and left ventricular ejection fraction of \< 50% at baseline.

Procedures {#s6}
----------

Investigators chose the control treatment: docetaxel plus trastuzumab or paclitaxel plus trastuzumab. Docetaxel (75 mg/m^2^ or 100 mg/m^2^ administered intravenously \[IV\] every 3 weeks) or paclitaxel (80 mg/m^2^ IV weekly) were administered for a minimum of six cycles (18 weeks) until disease progression or unacceptable toxicity. Trastuzumab was administered at standard doses (with docetaxel: 8 mg/kg IV loading dose, 6 mg/kg IV for subsequent cycles; with paclitaxel: 4 mg/kg IV loading dose, 2 mg/kg IV in subsequent weeks). If taxane or trastuzumab were discontinued for toxicity, treatment with the remaining agent was permitted. T-DM1 and pertuzumab were administered at standard doses (T-DM1: 3.6 mg/kg IV every 3 weeks; pertuzumab 840 mg IV loading dose, 420 mg IV every 3 weeks for subsequent cycles). No dose reductions were permitted for trastuzumab or pertuzumab. Criteria for dose adjustments are listed in Appendix [Table A1](#TA.1){ref-type="table"} (online only).

The protocol-defined schedule for tumor assessments, completion of the FACT-B, and safety monitoring is listed in Appendix [Table A2](#TA.2){ref-type="table"} (online only). FACT-B assessment schedule was modified in a protocol amendment (March 7, 2011) to increase data collection frequency to better assess treatment impact.

Statistical Analysis {#s7}
--------------------

Efficacy end points were assessed in the intention-to-treat population. Safety analyses included all patients who received at least one dose of study treatment. Assessment of the primary efficacy end point was planned when approximately 678 PFS events by independent review had occurred. A two-sided stratified log-rank test was used to compare PFS between treatment groups. PFS was also descriptively assessed in prespecified subgroups. Two prespecified interim OS analyses and a final OS analysis were planned, applying a Lan-DeMets alpha spending function with Pocock stopping boundary. The first OS interim analysis was performed at the time of PFS analysis. Final analysis of OS is planned to occur at a minimum follow-up of 46 months after the last patient has been enrolled. If the OS analysis in the intention-to-treat population shows statistical significance, eligible patients would be permitted to switch from trastuzumab plus taxane to T-DM1 or T-DM1 plus pertuzumab.

A clinically meaningful difference in HRQOL was defined as a ≥ 5-point decrease from baseline FACT-B TOI-PFB score^[@B22]^; a sensitivity analysis was conducted to compare overall results with the postamendment population. For analysis of time-to-event end points (PFS, OS, FACT-B), median time to event was estimated by using the Kaplan-Meier method, and hazard ratios (HRs) and CIs were computed by using stratified and unstratified Cox proportional hazards regression models. Adverse events (AEs) were evaluated descriptively.

Statistical analyses were conducted independently to compare each of the T-DM1−containing arms with control. For each comparison, confirmatory hierarchical statistical testing was performed in a prespecified sequential order as long as statistical significance was obtained. Overall α-level of 5% was split, with 2.5% allocated to each comparison (Appendix [Fig A1](#FA.1){ref-type="fig"}, online only). Confirmatory comparisons between T-DM1−containing arms were to be conducted only if PFS superiority for T-DM1 plus pertuzumab versus control was demonstrated.

The study had 80% power for PFS noninferiority and superiority analyses. Noninferiority was established if the upper limit of the 97.5% CI for HR was below a prespecified noninferiority margin of HR, 1.1765. This noninferiority margin corresponds to a 15% reduction in median PFS, from 11 months assumed for the control arm to 9.35 months for T-DM1--containing arms. Target HR for superiority was 0.75 (33.3% improvement in median PFS from 11 months to 14.7 months) for T-DM1--containing regimens compared with control, and 0.73 for comparison between T-DM1--containing regimens (37% improvement in median PFS from 14.7 months to 20.1 months). PFS superiority was established if the *P* value obtained from the stratified log-rank test was ≤ .025. Further details on sample size considerations are provided in the Appendix.

RESULTS {#s8}
=======

Study Population {#s9}
----------------

Between July 6, 2010 and May 2, 2012, 1,095 patients from 241 study sites in 38 countries ([Fig 1](#F1){ref-type="fig"} and Appendix [Fig A2](#FA.2){ref-type="fig"}, online only) were randomly assigned to trastuzumab plus taxane (n = 365), T-DM1 (n = 367), and T-DM1 plus pertuzumab (n = 363). In the control arm, 257 patients received trastuzumab plus docetaxel and 96 patients received trastuzumab plus paclitaxel. The data cutoff was September 16, 2014. Baseline demographics and disease characteristics were well-balanced between treatment groups ([Table 1](#T1){ref-type="table"}). Median duration of follow-up was approximately 35 months in all three arms.

![Enrollment, intention-to-treat, and safety populations, treatment discontinuations, and withdrawals. (\*)Two patients who were randomly assigned to the trastuzumab plus taxane arm received three cycles of trastuzumab emtansine (T-DM1; one patient received one cycle, one patient two cycles). These patients were included in the T-DM1 group for the safety analyses. (†)Six patients who were randomly assigned to T-DM1 received six cycles of pertuzumab. These patients were included in the T-DM1 plus pertuzumab group for the safety analyses. (‡)Discontinuation of all components of the treatment regimen. The safety analysis population included all patients who received at least one dose of study treatment.](JCO.2016.67.4887f1){#F1}

###### 

Demographic and Baseline Characteristics

![](JCO.2016.67.4887t1)

Primary End Point {#s10}
-----------------

Treatment with T-DM1 and T-DM1 plus pertuzumab showed noninferior PFS compared with trastuzumab plus taxane, but did not show superiority (stratified HR for T-DM1 *v* trastuzumab plus taxane, 0.91; 97.5% CI, 0.73 to 1.13; *P* = .31; stratified HR for T-DM1 plus pertuzumab *v* trastuzumab plus taxane, 0.87; 97.5% CI, 0.69 to 1.08; *P* = .14; \[noninferiority margin for the upper boundary of the 97.5% CI was 1.18\]; [Fig 2A](#F2){ref-type="fig"}). Median PFS was 13.7 months with trastuzumab plus taxane, 14.1 months with T-DM1, and 15.2 months with T-DM1 plus pertuzumab. Addition of pertuzumab to T-DM1 did not improve PFS (stratified HR for T-DM1 plus pertuzumab *v* T-DM1, 0.91; 97.5% CI, 0.73 to 1.13).

![Progression-free survival, as assessed by independent review. (A) Kaplan-Meier estimates of progression-free survival in the intention-to-treat population. Stratified hazard ratios and 97.5% CIs obtained from stratified Cox proportional hazards regression model and *P* values retrieved from stratified log-rank tests are shown. Stratification was according to world region, prior neoadjuvant/adjuvant therapy, and presence of visceral disease. (B) Progression-free survival assessed in prespecified patient subgroups for trastuzumab emtansine (T-DM1) compared with trastuzumab plus taxane. Medians, unstratified hazard ratios, and 97.5% CIs for progression-free survival comparing T-DM1 and trastuzumab plus taxane in prespecified subgroups representing stratification factors and clinically important variables. Vertical dashed line indicates the hazard ratio for all patients. (\*)Stratification factor. ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor.](JCO.2016.67.4887f2){#F2}

Of 231 PFS events in the trastuzumab plus taxane arm, the earliest contributing event to PFS was death in 31 cases and disease progression in 200 cases. In the T-DM1 arm, 236 PFS events occurred, including 11 deaths and 225 cases of disease progression as the earliest contributing event, and in the T-DM1 plus pertuzumab arm, 217 PFS events occurred, including 23 deaths and 194 cases of disease progression as the earliest contributing event.

PFS was descriptively analyzed in prespecified subgroups and findings were generally consistent with the main analysis conducted in the intention-to-treat population ([Fig 2B](#F2){ref-type="fig"}); however, there was a numerical trend that favored treatment with T-DM1 for patients who had received previous neoadjuvant or adjuvant therapy with trastuzumab or lapatinib (prior treatment: HR, 0.75 \[97.5% CI, 0.52 to 1.09\]; no prior treatment: HR, 1.12 \[97.5% CI, 0.82 to 1.54\]) and for patients who had received prior taxane (prior taxane: HR, 0.69 \[97.5% CI, 0.48 to 0.99\]; no prior taxane: HR, 1.10 \[97.5% CI, 0.85 to 1.41\]). Similar results were observed for the subgroup analysis of T-DM1 plus pertuzumab versus control (Appendix [Fig A2](#FA.2){ref-type="fig"}). Subgroup analyses that compared patients who were treated with T-DM1 versus T-DM1 plus pertuzumab showed no notable differences in PFS (Appendix [Fig A3](#FA.3){ref-type="fig"}, online only). In a post hoc, nonrandomized comparison, median duration of PFS was numerically similar between patients in the control arm who were treated with docetaxel versus paclitaxel (data not shown).

Secondary End Points {#s11}
--------------------

In the first interim OS analysis, median OS was not reached in any treatment group (Appendix [Fig A4](#FA.4){ref-type="fig"}, online only), and the Kaplan-Meier curves were overlapping for the three treatment arms (stratified HRs: T-DM1 *v* trastuzumab plus taxane, 0.86 \[97.5% CI, 0.64 to 1.16\]; T-DM1 plus pertuzumab *v* trastuzumab plus taxane, 0.82 \[97.5% CI, 0.61 to 1.11\]; T-DM1 plus pertuzumab *v* T-DM1, 1.00 \[97.5% CI, 0.74 to 1.35\]).

ORR analysis included 287 (78.6%), 303 (82.6%), and 299 (82.4%) patients with measurable disease at baseline in the trastuzumab plus taxane, T-DM1, and T-DM1 plus pertuzumab treatment arms, respectively. ORR was 67.9% with trastuzumab plus taxane (195 of 287; 95% CI, 62.3% to 73.3%), 59.7% with T-DM1 (181 of 303; 95% CI, 54.1% to 65.3%), and 64.2% with T-DM1 plus pertuzumab (192 of 299; 95% CI, 58.6% to 69.7%; Appendix [Fig A5A](#FA.5){ref-type="fig"}, online only). In patients who achieved response, median duration of response was 12.5 months with trastuzumab plus taxane (95% CI, 10.5 to 16.6 months), 20.7 months with T-DM1 (95% CI, 14.8 to 25.0 months), and 21.2 months with T-DM1 plus pertuzumab (95% CI, 15.8 to 29.3 months; Appendix [Fig A5B](#FA.5){ref-type="fig"}). Additional details on response are available in the Appendix (Appendix [Fig A5](#FA.5){ref-type="fig"}).

Median time to a clinically meaningful decrease in HRQOL from baseline was 3.6 months with trastuzumab plus taxane, 7.7 months with T-DM1, and 9.0 months with T-DM1 plus pertuzumab ([Table 2](#T2){ref-type="table"}). Results from the sensitivity analysis were consistent (Appendix [Table A3](#TA.3){ref-type="table"}, online only).

###### 

Time to Clinically Meaningful Decrease in Health-Related Quality of Life

![](JCO.2016.67.4887t2)

Treatment Exposure {#s12}
------------------

In the control arm, the median number of cycles was 7 for docetaxel (range, 1 to 58), 7 for paclitaxel (range, 1 to 42), and 15 for trastuzumab (range, 1 to 69). In the T-DM1 arm, the median number of cycles was 15 (range, 1 to 65) and in the T-DM1-plus-pertuzumab arm, it was 15 (range, 1 to 68) for T-DM1 and 16.5 for pertuzumab (range, 1 to 66). In the control arm, 26.1% and 28.1% of patients who received docetaxel or paclitaxel, respectively, required one dose reduction; one additional patient treated with docetaxel required two dose reductions. In the T-DM1 and T-DM1-plus-pertuzumab arms, 13.6% and 14.8% of patients required a reduction in T-DM1 to 3.0 mg/kg, and an additional 10.5% and 9.0% of patients, respectively, required a second dose reduction to 2.4 mg/kg. Treatment discontinuations as a result of toxicity occurred less often in the T-DM1 arms; 29.7% of patients in the control arm and 18.3% and 19.1% of patients in the T-DM1 and T-DM1-plus-pertuzumab arms, respectively, discontinued any component of their treatment regimen as a result of AEs.

Safety {#s13}
------

Incidence of grade ≥ 3 AEs was numerically higher in the control arm (54.1%) than in T-DM1--containing arms (45.4% for T-DM1; 46.2% for T-DM1 plus pertuzumab). The most commonly reported grade ≥ 3 AEs in the trastuzumab plus taxane group were neutropenia (19.8%), febrile neutropenia (6.5%), and diarrhea (4.2%; [Table 3](#T3){ref-type="table"}). In the T-DM1 arms, the most commonly reported grade ≥ 3 AEs were increased aspartate aminotransferase (6.6%), thrombocytopenia (6.4%), and anemia (4.7%) with T-DM1, and thrombocytopenia (7.9%), anemia (6.0%), and increased alanine aminotransferase (5.2%) with T-DM1 plus pertuzumab. With the exception of an increase in grade ≥ 3 diarrhea (2.5% *v* 0.3% for T-DM1), addition of pertuzumab to T-DM1 did not substantially increase the incidence of high-grade toxicity.

###### 

Adverse Events in the Safety Population

![](JCO.2016.67.4887t3)

The most commonly reported all-grade AEs that occurred more frequently in the control arm than in T-DM1 arms---with at least a 5-percentage-point difference between arms---were alopecia (59.8% *v* 6.6% with T-DM1 and 9.0% with T-DM1 plus pertuzumab), diarrhea (48.7% *v* 25.2% and 48.1%), and peripheral neuropathy (28.0% *v* 13.3% and 17.8%; [Table 3](#T3){ref-type="table"}). All-grade AEs that were more frequent in the T-DM1 arm versus control were nausea (47.1% *v* 37.1%), headache (32.1% *v* 22.1%), and epistaxis (31.0% *v* 14.7%). Addition of pertuzumab to T-DM1 generally did not substantially increase the incidence of all-grade toxicities, but it did result in a higher incidence of diarrhea (48.1% *v* 25.2% with T-DM1), as well as vomiting (30.1% *v* 21.6%) and chills (26.8% *v* 15.5%).

A left ventricular ejection fraction of \< 50% with a ≥ 15-percentage-point decrease from baseline was observed in 0.8% of patients who were treated with T-DM1 versus 4.5% with trastuzumab plus taxane and 2.5% with T-DM1 plus pertuzumab.

In the safety population, most deaths were attributed to disease progression: 116 (94.3%) of 123 deaths in the control arm, 106 (93.0%) of 114 deaths in the T-DM1 arm, and 106 (91.4%) of 116 deaths in the T-DM1--plus-pertuzumab arm. The number of patients who died as a result of AEs was balanced across treatment arms: 6 (1.7%) in the control arm, 4 (1.1%) in the T-DM1 arm, and 7 (1.9%) in the T-DM1--plus-pertuzumab arm.

DISCUSSION {#s14}
==========

In this study, T-DM1 and T-DM1 plus pertuzumab demonstrated noninferior PFS compared with trastuzumab plus taxane. Whereas the median PFS observed with T-DM1 (14.1 months) was similar to that observed in a previous phase II study,^[@B17]^ median PFS of 13.7 months in the trastuzumab plus taxane arm was somewhat longer than expected on the basis of reports of this regimen that were available at the time of study design (median PFS of approximately 9.5 months to 12.5 months).^[@B23]-[@B25]^ However, the median PFS of control arm is consistent with results from more recent studies.^[@B26]-[@B28]^ Addition of pertuzumab to T-DM1 did not improve PFS. Although preclinical data showed synergistic activity for the combination of T-DM1 and pertuzumab,^[@B18]^ such activity was not substantiated in this trial. Thus, further study that includes ongoing biomarker research may help to better explain this unexpected result.

Whereas T-DM1--containing treatments did not show a statistically significant improvement overall in PFS, data presented here suggest that some patients may derive more relative benefit from T-DM1 than do others. Subgroup analyses showed a numerical trend for an increased relative treatment effect with T-DM1 in patients who had received HER2-directed therapy or taxanes in the early breast cancer setting. This finding is consistent with prior trials in which T-DM1 improved clinical outcomes in patients who previously received treatment with trastuzumab and taxane.^[@B13],[@B14]^ Moreover, in patients who achieved response, duration of response was numerically longer in T-DM1−treated patients compared with trastuzumab plus taxane−treated patients. Further investigation is necessary to determine whether specific characteristics can define a subgroup of patients with a greater response to T-DM1 in this treatment setting.

Safety profiles of T-DM1 and pertuzumab in this study were consistent with previous reports.^[@B29]-[@B31]^ Treatment with T-DM1 seemed to be more tolerable than that of the control regimen, as there were numerically fewer grade ≥ 3 AEs and fewer treatment discontinuations as a result of AEs observed with T-DM1 versus trastuzumab plus taxane. Of note, incidence of grade ≥ 3 AEs in the control arm (54.1%) was lower than that observed in other trials that used trastuzumab plus docetaxel in the first-line setting (63% to 91%).^[@B17],[@B26]^ This may be explained, at least in part, by the observation that 27% of patients received paclitaxel instead of docetaxel in the control arm of this study. Nevertheless, T-DM1 also seemd to be more tolerable on the basis of a numerically lower incidence of certain clinically important AEs (febrile neutropenia, neuropathy, diarrhea, and alopecia) versus trastuzumab plus taxane. The most commonly reported high-grade AEs with T-DM1 were laboratory abnormalities, such as transaminase elevation and thrombocytopenia, as previously observed in other T-DM1 studies.^[@B29]^ T-DM1−treated patients also had a longer time to a clinically meaningful decrease according to the FACT-B TOI-PFB scale, which indicated that they maintained baseline HRQOL longer than did trastuzumab plus taxane−treated patients.

In conclusion, T-DM1−containing regimens demonstrated noninferior---but not superior---PFS compared with treatment with trastuzumab plus taxane. On the basis of the improved tolerability and noninferior PFS observed with T-DM1, it may provide an alternate treatment option to trastuzumab plus taxane in patients HER2-positive MBC. Indeed, the National Comprehensive Cancer Network has included T-DM1 in its breast cancer guidelines as a first-line treatment option for patients with HER2-positive MBC who are considered not suitable for treatment with the preferred regimen, pertuzumab, trastuzumab, and a taxane.^[@B8],[@B32]^
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The study will be powered for superiority, with a target hazard ratio (HR) of 0.75, as well as for noninferiority, with HR, 1.1765 or δ = 0.1765 as the noninferiority margin for comparison between each of the T-DM1--containing treatment arms and the trastuzumab-plus-taxane arm. This margin is equivalent to a 15% reduction in median progression-free survival (PFS). A meta-analysis of trastuzumab trials gives δ = 0.194, assuming a 60% retained effect on the log hazard scale. The chosen δ is therefore comparatively conservative. Comparison of single-agent T-DM1 versus the trastuzumab-plus-taxane control arm and of T-DM1 plus pertuzumab versus the control arm are handled separately. The overall α = 5% is split so that α = 2.5% (1.25% one-sided) is spent for each group of comparisons. Depending on the superiority of the primary efficacy end point for the comparison of T-DM1 plus pertuzumab versus the control arm, a formal comparison of T-DM1 plus pertuzumab versus single-agent T-DM1 is planned.

Sample Size Determination for PFS Noninferiority (control arm comparisons: T-DM1 with and without pertuzumab *v* the control arm) {#s34}
=================================================================================================================================

The following sample size and power considerations are made for an assumed noninferiority situation. Sample size calculations were performed with East 5 software package (Cytel; <http://www.cytel.com/>) comparing two groups. Assumed study duration timelines are under the alternative hypothesis, that is, treatment effects as specified in each sample size determination section below.

-   Assume a median PFS time of 11.0 months for the control arm and an HR of 0.88 or 13.64% improvement in median PFS time to 12.5 months for each of the experimental arms.

-   Assume a minimum median PFS as the noninferiority margin of 9.35 months (15% decrease or HR, 1.1765 or δ = 0.1765).

-   Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of 35.7 months to required number of events under the alternative hypothesis.

-   Define 1.25% one-sided (2.5% two-sided) as the α level and require a power of 80%.

-   Request 3 × 309 = 927 patients with 670 PFS events (232 events expected for the control arm and 219 events in each of the experimental arms).

Sample Size Determination for PFS Superiority (control arm comparisons: T-DM1 with/without pertuzumab *v* the control arm) {#s35}
==========================================================================================================================

The following sample size and power considerations are made for an assumed superiority situation:

-   Assume a median PFS time of 11.0 months for the control arm and an HR of 0.75 or 33.33% improvement in median PFS time to 14.7 months for each of the experimental arms.

-   Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of 33.5 months to the required number of events under the alternative hypothesis.

-   Define 1.25% one-sided (2.5% two-sided) as the α level and require a power of 80%.

-   Request 3 × 364 = 1092 patients with 678 PFS events (248 events expected for the control arm and 215 events in each of the experimental arms).

The required total number of events is higher on the basis of the superiority considerations and drives the total enrollment for the study. Actual occurrence of the total number events---from PFS events on the basis of independent review---will be monitored to get a better estimate of the expected study duration.

Sample Size Determination for PFS Superiority (experimental arm comparisons: single agent T-DM1 *v* T-DM1 plus pertuzumab) {#s36}
==========================================================================================================================

The following sample size and power considerations are made for an assumed superiority situation. Sample size calculations were performed with East 5 software package (Cytel) comparing two groups:

-   Assume a median PFS time of 14.7 months for single-agent T-DM1 and an HR of 0.73 or 36.99% improvement in median PFS time to 20.1 months for T-DM1 plus pertuzumab.

-   Assume a recruitment time of approximately 21 months (with ramp-up in the first 6 months) and a study duration time of 33.5 months to the required number of events under the alternative hypothesis.

-   Define 1.25% one-sided (2.5% two-sided) as the α level and require a power of 80%.

-   Request 2 × 364 = 728 patients with 392 PFS events (215 events expected for single-agent T-DM1 and 177 events for T-DM1 plus pertuzuab).

![Hierarchical statistical testing sequence. Statistical analyses were conducted independently for trastuzumab emtansine (T-DM1) versus trastuzumab plus taxane (control) and T-DM1 plus pertuzumab versus trastuzumab-plus-taxane (control). Hierarchical statistical testing was performed in a prespecified sequential order with 2.5% α allocated to each sequence. OS, overall survival; PFS, progression-free survival.](JCO.2016.67.4887app1){#FA.1}

![Progression-free survival by independent review assessed in prespecified patient subgroups for trastuzumab emtansine (T-DM1) plus pertuzumab compared with trastuzumab plus taxane. Analysis is based on all patients who were randomly assigned to T-DM1 plus pertuzumab or trastuzumab plus taxane. Hazard ratios (HRs) are unstratified. Vertical dashed line indicates the hazard ratio for all patients. \*Stratification factor. ER, estrogen receptor; PR, progesterone receptor.](JCO.2016.67.4887app2){#FA.2}

![Progression-free survival by independent review assessed in prespecified patient subgroups for trastuzumab emtansine (T-DM1) compared with T-DM1 plus pertuzumab. Analysis is based on all patients who were randomly assigned to T-DM1 or T-DM1 plus pertuzumab. Hazard ratios (HRs) are unstratified. Vertical dashed line indicates the HR for all patients. (\*)Stratification factor. ER, estrogen receptor; PR, progesterone receptor.](JCO.2016.67.4887app3){#FA.3}

![First interim analysis of overall survival. HR, hazard ratio; NR, not reached; OS, overall survival; T-DM1, trastuzumab emtansine.](JCO.2016.67.4887app4){#FA.4}

![(A and B) Objective response (A) and duration of response (B) in patients with measurable disease as assessed by independent review. (A) Objective response rates and 95% CIs (shown as error bars). Percentages shown are based on number of patients with measurable disease at baseline. Complete and partial responses determined by independent review were confirmed by consecutive tumor assessments at least 4 weeks apart on the basis of RECIST 1.1. A best response of stable disease was only made after the patient was on study for a minimum of 6 weeks after random assignment. If the patient was not on study within this minimal time period, any tumor assessment that indicated stable disease before 6 weeks had a best response of not evaluable unless disease progression was identified. (B) Kaplan-Meier estimates of duration of response in patients who were treated with trastuzumab plus taxane (n = 195), trastuzumab emtansine (T-DM1; n = 181), or T-DM1 plus pertuzumab (n = 192). Duration of response was defined as the time from date of initially confirmed partial or complete response by independent review to the date of progressive disease by independent review or death as a result of any cause (whichever occurred first). Only patients with measurable disease at baseline and an objective response were included in this analysis. PFS, progression-free survival.](JCO.2016.67.4887app5){#FA.5}
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Sensitivity Analysis of the Time to Clinically Meaningful Decrease in Health-Related Quality of Life
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